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Part  1. 
The  Dotection  and  Determination  of  Llinnte  Quantities  of  Olycerine. 

In  the  neasurernent  of  osnotic  pressure  in  this  laboratory  no 
neasurcnent  is  regarded  as  concli^sivo  until  it  has  been  sho^vn  that 
the  nenbrane  was  not  broken  thereby  allov/ing  soae  of  the  solution 
to  escape  fron  the  cell-  In  other  words  the,  solution  whose  osnotic 
pressure  is  bein^r  measured  rmst  have  the  bane  concentration  after 
the  cell  has  been  ^^p  days  or  in  some  cases  weeks  as  it  had  v;hen  it 
v;as  first  put  up.  There  ere  tv/o  v/ays  of  solving  this  problem. 
Either  the  solution  on  the  inside  of  the  cell  must  be  tested  before 
and  after  the  erperiment  to  acert  in  whether  or  not  any  dilution 
has  tai-en  place;  or  the  solution  on  the  outside  of  the  cell  nust  be 
testec.  to  acertain  whether  or  not  it  contains  e.ny   of  the  substance 
whose  osmotic  pressure  is  being  measixred. 

The  nolarimeter  affords  an  excellent  method  for  substances 
which  are  optically  active  but  in  the  case  of  glycerine  it  v/as  tho- 
ught '  more  precticable  to  test  the  water  in  which  the  cell  is  im- 
mersed for  the  presence  of  this  substance.  It  v;as  necessary  to 
search  for  some  methods  for  the  detection  and  determination  of 
minute  quantities  of  this  substance- 

^uali:;ative  Test. 
In  the  measure   of  osmotic  pressure,  it  is  the  practice  here 
to  make  the  water  in  which  the  coll  is  immersed  during  measurement 
one-himdredth  ion  weight  normal  v/ith  cop'^er  sulphate;  v;hile  to  the 
solution  on  the  inside  of  the  cell,  there  is  added,  beside   the 
substance  v/hose  osnotic  pressure  is  to  be  determined  a  cuantity 
of  potassium  ferro  cyanide  which  is  osnotically  equivalent  to  the 


conper  siilnhate  on  the  ontside.   The  purpose  of  the  addition  of 
these  rnenbrane  forming  salts  is  to  repair  any  brea]<-  v/hich  nay 
occur  in  the  membrane.  If  there  Is  added  to  an  alkaline  solution 
of  glycerine,  a  small  quantity  of  co'-^per  sulphate  the  solution 
becomes  dee^-  blue  in  color  but  v/ithout  precipitation  of  cunric 
hydroxide.  If  the  addition  of  copoer  sulphate  Is  contimied,-  the 
precipitate  of  cupric  hydrorride  a^per  rs .  The  color  is  verj'-  simil- 
ar to  the  color  of  solutions  containing  the  CudJE^)^  ion. 

The  cupric  hydroxide  can  be  filtered  off  through  an  asbestos 
filter  although  some  of  the  col  ^red  copper-  glycerine  com.pound  is 
absorbed  by  the  asbestos  i'-.  the  fil^.ering  process.  Because  this 
absorbtion  ta"'''es  place,  the  method  cannot  be  used  for  the  quant- 
itative determination  of  small  ouantities  of  glycerine  colori- 
metrically. 

It  v;as  a  question  whether  or  not  this  color  m.ight  be  dxie  to 
the  alkali  dissolving  some  of  the  copper  hence  the  experiments 
tabulated  belov/  v/ere  carried  out  to  determine  at  v/hat  concentra- 
tion the  alkali  dissolves  the  copper.  Coliinn  2   shows  the  quant- 
ities of  aopper  sulphtte;  column  2,  the  quantities  of  glycerine; 
column  4,  the  quantities  of  potassium  hydro-^'ide;  columji  5,  the 
total  number  of  cubic  centimeters  in  the  final  solution;  column 
6,  is  the  normality  of  the  alkali  obtained  from  columns  4  and  5; 
and  column  7  shows  the  color  of  the  filtrate. 

12      3        4        5        6  7 

CuSO^    Glyc.    KOH     Total  no.  ZOH 
Exp. no.   mg.     mg.     mg.       cc    ITornality.   Filtrate. 

1  24.78     5      28.05      21      .023       no  color. 

2  24.78     5     280.50      30      .170       slight  color. 


1 

Exp.no. 

2 
CuSO^ 
ng. 

3 

'-1.7G . 

ng. 

4 

KOH 
rag. 

5 
Total  no. 

GC 

6 

ZOH 

ilornality. 

7 
Filtrate. 

3 

24.78 

5 

420.75 

35 

.210 

slight  color 

4 

24.78 

5 

504.90 

38 

.240 

good  color 

5 

24.78 

5 

7  01.25 

45 

.280 

deep  color 

6 

24.78 

0 

7  01.25 

45 

.280 

slight  color 

7 

24.78 

0 

701.25 

45 

.280 

slight  color 

8 

24.78 

0 

420.75 

35 

.210 

no  color 

9 

10 

24.78 
24.78 

0 
0 

504.00 
561.00 

38 

40 

.240 
.250 

no  color 
"Very  slight 
color 

11 

49.56 

5 

504.90 

38 

.240 

good  color 

12 

49.56 

0 

504.90 

38 

.240 

no  color 

A  study  of  the  table  shov;s  th' t  in  the  first  five  experiments  as 
the  concentration  of  the  alkali  increases-the  quantities  of  all 
the  other  substances  being  ""rept  constant-iron  .023  nornal  to  .28 
r.ornal,  the  color  of  the  filtrate  increases.  Experiments  no.  6 
and  7  v/hich  contain  no  glycerine  shov;  bj^-  the  slight  color  of  the 
filtrate  that  sono  of  the  cooler  has  oeen   dissolved.  In  experiments 
no.  8  and  9,  in  v/hich  the  concentration  of  the  all^ali  was  .21  and 
.24  normal  respectively ,  no  color  was  obtained  in  filtrate  ■•-hile 
in  exToerinent  no.  IC  v/hen  the  alkali  v/as  .25  nornal  a  very  slight 
color  V7as  obtained  in  the  filtrate.  Hone   of  the  cop  er  is  dissolv- 
ed then  -hen  the  al'^f.li  is  .l5  nornal  but  it  is  not  dissolved  if 
the  alkali  is  '-ept  at  .24  nornal  or  below  .  In  other  words  the 
solution  in  which  this  reaction  is  eny-'lo^'-ed  for  the  detection  of 
glycerine  nust  not  bo  over  .24  nornal  with  potassium  hydroxide. 

The  following  experinents  were  carried  oiit  with  the  view, 
of  doternining  how  snail  quantities  of  glycerine  could  be  detected. 


CJlyc 
mg. 

CiiSO^ 
mg. 

5 

122. 9S 

3 

123.92 

2 

123.92 

1 

123.92 

0 

123.92 

100 

11 

100 

100 

IJ 

IOC 

11 

100 


;:0H 

no. CG. 

Filtrate. 

•  i^«^ 

100 

colored 

.23 

100 

colored 

pot 

100 

colored 

.23 

100 

colored 

.23 

100 

colorless 

llornallty       KOH  lIorT.ality  Total 

CuSO^  ng« 

1262.25 

1262.25 

1262.25 

1262.25 

1262.25 

flieee  shov/  that  one  nilligrarane  of  glycerine  can  be  detected  in 
one  hundred  cubic  centir.eters  of  solution.   The  filtrate  of  the 
blan]^  containing  no  glycerine,  is  colorless  therefore  the  color  in 
the  other  experinents  can  not  be  due  to  dissolved  cop^^er. 

Some  idea  of  the  composition  of  trie  copper-  glycerine  com- 
pound was  obtained  hj   mixing  copper  sulphate  and  glycerine  in  dif- 
ferent proportions  molecule  for  molecule.  If  all  the  co- ner  is  used 
un  by  the  glycerine  in  forming  the  colored  comr)Ound  then  no  pre- 
cipitate of  cupric  hydroxide  will  be  formed.  .'.  precipitate  then 
indicates  that  more  cop^^er  is  present  than  is  necessary  for  the 
formation  of  the  colored  com-oound. 


aiyc. 

CUSO4 

llorr.a; 

rag- 

mg 

ZOH 

1  mol.glycto 

1/2   mol.CuSO^ 

0 

2.71 

.23 

1  mol.glycto 

l/E  mol-CuIsO 
1  mol . glyc . to 

3 

4.07 

.23 

1  mol.CuSO^ 

3 

8-13 

•  i^O 

1  mol. glyc. to 

1  mol.CuSO^ 
1  mol.firlyc    to 

100 

271.2 

.23 

1/2  moi.GuSO^ 

IDO 

135.62 

.23 

Total 

no . 

cc . 

100 

^: light   color:. and 

no    opt. 

100 

Good   color  and 

100 

no  ppt . 
^rood  color  and 

100 

a  ppt. 
Deep  blue   color 

100 

and  ppt . 
Deep  blue   color 

and  no  ppt . 

The  e:rperinents  show  that,  v/hen  the  ratio  is  one  molecule  of 
prlycerine  to  one-half  molecule  of  cotnoer  siilnhate  or  rather  two 
moleciiles  of  glycerine  to  one  r.olectile  of  copper  sulphate,  then 
all  the  copper  remanins  in  solution^^he  conclusion  to  be  drav.Ti  from 


these  ft-cts  is  that  the  cop'^er  i..ton\   srbstitntes  tv;o  hydroren  ttons 
each  In  different  r.oleciiles  of  glycerine  and  thus  serves  to  hold 
together  tv;o  glycerine  residues.-  The  logical  wey  to  carry  out 
these  experiments  v;ould  be  to  tdd  the  cop^  er  sulphc-.te  solution 
drop  by  drop  to  the  allraline  glycerine  solution  until  one  drop 
produces  a  precipitate  of  ctipric  hydroride.  This  wes  tried  but  a 
pre^cipitate  arpe^red  before  the  ratio  reached  two  noleciiles  of 
glycerine  to  one  nolecule  of  Conner  sulphate-  It  would  appear  then 
that  some  of  the  copner  was  used  u'^  by  the  al>ali  to  forri  cupric 
hydroxide  before  all  the  glycerine  had  been  changed  to  the  color- 
ed compound.  The  alkali  must  then  be  added  last  to  the  solution 
containing  the  cooper  siTlr«heto  and  the  glycerine. 

The  qiialitative  test  can  then  be  tised  for  detecting  tv.'o  or 
three  m-illigrammes  and  with  some  e:>rperience  one  m.illigr8mne  of 
glycerine  in  one  hundred  cubic  centimeters  of  solution.  The  un- 
>no\'m  solution  shoiild  contain  enough  copper  sulphate  to  r.f''e  it 
one-hundredth  norm.al  and  enough  al'-ali  is  then  added  to  ma'  e  the 
solution  .23  normal.   The  precipitate  of  cupric  hydroxide  is 
filtered  off  and,  if  the  filtrate  has  a  blue  color,  the  solution 
contained  glycerine  provided  other  substances  are  absent  which 
behave  in  the  seme  way. 

Quantitative  Determination. 

The  estimation  of  glycerine  can  be  effected  by  oxidation  with 

1 
potassium  perm.anganate  or  potassium  dichromate.  Hehncr^s   dich- 

romate  method,  in  v;hich  the  amount  of  that  salt  reduced  is  deter- 
mined, has  this  objection  that  since  the  standard  solution  is  some- 
what strong  and  expands  as  much  as  5  per  cent  'er  degree  great  care 


1.  Allen's  Commercial  Organic  Chemistrjr.Vol.  2-21G 


wTist  be  tn^'-en  to  >eep  the  temperature  constant  and  at  best  the 
nethod  does  not  perr.it  any  great  refinement  and  v/as  v/holly  inap- 
plicable to  our  nximose. 

The  TDernanganate  Oxidation  nethod  was  first  proposed  by  V/an- 

1.   '  ^   '        1 

klyn   and  further  worked  out  by  Fox,  Benedii't  and  Ssigriondy  . 

The  follov/ing  is  a  brief  statement  of  the  same.  The  glycerine  sol- 
ution is  made  alirr.line  v/ith  potassium  hydroxide  and  then  trerted 
with  a  saturated  solution  of  permanganate.  The  solution  is  boiled 
one  hour  and  then  trected  v/ith  enough  sodium  sulphite  to  destroy 
the  excess  of  perm.anganate.  The  precipitated  manganese  dioxide  is 

filtered  off  and  i  novra  volumes  of  the  filtrate  are  acidified  v/ith 
acetic  acid  and  than  treated  with  calcium  chloride.  The  precipi- 
tated calcium  oxalate  is  either  determined  gravimetrically  as  the 
carbonate  or  the  precipitate  is  rinsed  from,  the  filter,  acidified 
v-dth  sulnhuric  acid,  heated  to  60  degree  c  -C  ar.d  titrated  v/ith  a 
decinorinal  solution  of  rierm.anganate.  The  authors  of  the  method 
obtained  satisfactory  results  v/ith  it  but  it  is  long  and  rather 
com.plicated.  This  method  was  li'^-ewise  inapplicable  v;here  very  m.in- 
iite  quantities  of  glycerine  v;ere  to  be  deter^-.ineci . 

The  following  work  v/as  undertaken  then  to  adapt  the  oxidation 
by  permanganate  to  our  conditions.  The  standard  solution  of  potass- 
ium -"ermanganate  em.'loyed  contained  from  five  to  six  milligrammes 
of  the  ^issolveC  salt  in  each  cubic  centimeter.  L   standard  solution 
of  potassium  tetroxalate,  which  was  used  in  determining  the  strength 
of  the  permanganate,  was  r.ade  equivalent  as  nearly  as  possible  to 
the  permanganate  solution. 

Sol-"tlons  of  i^otassium.  permanganate  are  not  stable  and  often 


1.  ."lien's  Com-  ercial  Organic  Ghemictry.  Vol.  £.  314 
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deteriorate  very  rapidly  because  of  rediiotion  caurec  by  cnalT 
cuantities  of  the  orldes  of  manganese.  The  best  reciilts  were  ob- 
tained by  preparing  the  perr.anganate  solutioa  in  the  following 
v;ay.  The  a^proxamate  anount  of  the  salt  is  dissolved  in  v.'ater  and 
allo\7ed  to  stand  in  the  darV  for  several  days.  7'his  [jives  a  chance 
for  the  o^cidation  of  any  oxidisable  substance  and  also  any  precip- 
itated oxides  are  coagulated.  The  solution  is  then  filtered  thro- 
ugh two  connected  asbestos  filters.  The  filtrate  is  then  allowed 
to  stand  for  severel  nore  days  and  then  filtered  by  the  sane  nro- 
cess  into  a  clean  bottle.  The  necessary  amount  of  water  can  then 
be  added-  Solutions  '_^re'ared  in  this  v;ay  can  be  '-e'-t  tv/o  v.'ee"!-s  or 
more  "-ithout  any  appearance  of  oxide  or  any  deterioration. 

The  potassium  tetroxalate  was  nrepared  in  the  usual  way.  A 
saturatec'.  solution  of  oxalic  acid  v/as  divided  into  tv/o  narts.  The 
cnaller  -^art  v/as  one  fourth  of  the  v/hole  less  about  tv/o  or  three 
cubic  centimeters.  The  smaller  portion  v/r.s  neutralised  v/ith  oot- 
assium  carbonate  v/hile  boiling.  The  larger  portion  was  then  heat- 
ed and  the  -^otassiiun  oxalate  stirred  i^.  Thr  crystals  obtained  are 
then  recrystaliLed  tv;ice  fror  -ater  and  dried  on  porous  nlates. 

/vll  the  oxidation  e^Tpevir-ents  were  carried  ort  in.  al'^-aline 
solutions.  The  solutions  also  contained  enough  cooler  sul^^hate  to 
ma>e  them  one-hundredth  normal  'vith  res'^ect  to  that  mbstance. 
Preliminary  experim.ents  were  necessary  to  determino  the  time  and 
temperature  necessary  for  the  com.lete  oxidation.  The  best  results 
were  obtained  b:/  Ireeping  the  collations  for  nineteen  hours  in  a 
constant  temperature  bath  regulated  at  50  degrees  C  Increasing 
the  tim.e  did  rot  increase  the  amount  of  permanganate  rednced. 


11 

An  experinent  v;as  carried  out  in  the  folloving  'vcy.  To  an  al- 
Valine  solution  of  ccp'-er  sulphate  and  glycerine,  a  considerable' 
cxcen-s  of  standard  potossiun  permanganate  solution  ic  added.  This 
is  thea  allowed  to  stand  in  the  50  degree  bath  for  nineteen  hours. 
To  this  is  then  added  potassium  tetroralate  equivalent  to  the 
ar.ount  of  potassiun  perrnPnganate  used-  The  solution  after  reduction 
is  then  acidified  v,-ith  sulphuric  acid,  heated  to  60  degrees C  and 
titrated  with  potassiuin  nernanganate  soliition  until  a  ;nnk:  color  is 
obtained.  The  anount  of  potassium  pernanganfte  used  in  titrating  is 
equivalent  to  the  amotint  of  potassium  permanganate  reduced  by  the 
glycerine.  The  number  of  atoms  of  oxygen,  equivalent  to  the  amoixnt 
of  ■"'otassium  Permanganate  reduced,  '.vas  then  calculated  and  from,  this 
the  number  of  atoms  of  osj^-gen  "^er  molecule  of  glj'-cerine  determined. 
21anl:  exnerioents  -.vere  -^ut  in  every  dajr  which  v/ere  in  every  respect 
identical  v;ith  the  other  exoerirnents  except  th^t  they  contained  no 
glycerine.  By  means  of  those  blank  exoeriments  any  reduction  out- 
side of  that  ^.reduced  by  the  glycerine  itself  could  be  detected  and 
they  also  serve  as  a  chec''^  on  the  strength  of  the  -otassium  perman- 
ganate solTition.  In  every  instance  where  a  reduction  had  apparently 
ta''--en  nlace  in  these  blan^  erporim.ents  it  v/as  found  that  the  :ot- 
assiiim  permanganate  solution  had  detcrioratr-d. 

The  follov/ing  oxidation  experir.ents  v/ere  all  '-ept  in  a  50 
degree  constant  temperature  bath  for  nineteen  hours.  The  results  are 
calculated  in  terms  of  the  nur-ber  of  atoms  of  oxygen  per  molecule  of 
glycerine.  The  theoretical  number  of  atome  of  oxygen  necessarj'-  to 
oxydise  a  molecule  of  glycerine  to  carbon  dioxide  and  wa-.er  is 
se^'en. 


1  '^ 


5  6  7  8 

Ki&nO^  KKn.0^  ng.XlimO^  /.toms    of  0 

mg.  T:\g.  per  ng.  per  nol .. 

added.  iiseo .  Glyc.  Glyc. 

£48.73  5.29  5-29  7.68 
248.73  5.47  5.47  7.96 
248.75  9.33  4.66  6.79 
248.75  9.33  4.66  6.79 
248.75  23.63  4.73^  5.87 
248.75  24.06  4.81  7.00 
248-75  46.76  4.68  6.80 
248.75  46.64  4.66  6.79 
248.75  117.17  4.69  6.81 
248.75  116.78  4.67  6-79 
249.40  141.04  4.70  6-84 
249.40  140.47  4.58  6.82 
249.46  140.85  4.70  6.84 
311.75  185.78  4.64  6-76 
311.75  185.97  4.65  6.77 
311.75  137.45  4-;  69  6.82 
445.01  254.79  4.70  6.84 
445.01  235.75  4.71  6-86 
446.01  233.84  4.68  6-81 
498.80  224.46  4.63  6.74 
Mean  4.69  6-82 
Coliir.ns  2,  3,  and  4  chow  the  q-uantities  cf  glj'-cerine,  copper  sul- 
phate and  allrali  in  each  er:'  eriment.  Colunn  5  shov/s  the  quantity 
of  permanganate  added  for  the  oridation  of  the  glycerine.  -''.  large 
ercess   of  pemanaganate  must  he   added   rince   in  al^'-aline  colui  ion 


Exp. 

CHyc 

.  GuSO^ 

KOH 

no. 

ng. 

ng. 

"G- 

1 

1 

123.9 

140 

o 
(^ 

1 

123.9 

140 

3 

2 

123.9 

140 

4 

o 

123.9 

140 

5 

5 

123.9 

140 

6 

5 

123.9 

140 

7 

10 

123.9 

140 

8 

10 

123.9 

140 

9 

25 

123.9 

140 

10 

25 

123.9 

140 

11 

30 

123.9 

140 

12 

30 

123.9 

140 

13 

30 

123.9 

140 

14 

40 

123.9 

140 

15 

40 

123.9 

140 

16 

40 

123.9 

140 

17 

50 

123.9 

140 

18 

50 

123.9 

140 

19 

50 

123.9 

140 

20 

43.5 

123.9 

140 

i;5 


only  one  and  a  hrilf  atoms  of  057/gen  per  nolecnle  of  nerranpanate 
are  available  for  oxidizing  the  glycerine.  Column  6  ijhov/s  the 
anoiint  of  permanganate  reducec'.  by  the  quantity  of  glycerine  in  col- 
vann  1-    Colunn  7  gives  the  rr.illi grammes  of  permanganate  reduced  by 
each  milligramme  of  glycerine.  Column  8  givos  the  number  of  atoms 
of  ojcygen  for  each  molecule  of  glycerine  calculated  from  the  quan- 
tity of  permanganate  reduced  and  the  cit^ntity  of  glycerine  "resent. 
The  m,ean  values  do  not  incliide  expermmonts  1  and  2  v/here  only  1 
milligramme  of  glycerine  v/as  o:^cidized.   The  mean  number  of  atoms 
per  m.olecule  of  glycerine  is  6.02  while  the  theoretical  number 
is  seven-  Tv;o  different  solutions  of  glycerine  were  used  in  these 
ex'ieriments  one  containing  one  milligramme  of  glycerine  oer  cubic 
centimeter  of  solution  and  the  other  containeo  five  miilligrammes  of 
glycerine  per  cubic  contimeter  of  soliition  so  that  it  v/as  unlil^ely 
there  was  rn  error  in  maVing  \iv   the  gljT'eerine  solution,  /.s  a  further 
check  on  the  glycerine  solution  in  ex'^eriment  no.  20  t  v/eigheC 
amount  of  glycerine  v/as  oxidised  directly  with  pratical  agreement. 
In  experiments  nos.  1  and  2  the  results  obtainec"  ere  high  com":"'ared 
with  the  others.  This  is  'nobably  diie  to  the  experim.ental  errors, 
including  the  temperature  effects  on  standard  solutions  which  are 
often  considerable,  accximulating  on  the  small  ctiantitj'-  of  glycerine. 

In  vie'.v  of  the  fact  that  all  the  resiilts  obtained  are  be- 
low i'-  the  amount  of  o-ygen  necessary  to  oxidise  the  glycerine  to 
carbon  dioxide  and  water,  it  seemed  desirable  to  3hec>  this  method 
by  som.e  other  method.  It  wns  first  yrc-iosed  to  oxidize  the  glycer- 
ine with. chromic  acid  and  collect  the  carbon  dioxide  gas  formed  and 
in  this  way  determine  the  purity  of  the  glycerine.  This  method  did 
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'not  v/ork  oiit  as  the  chronic  acid  seened  to  absorb  the  carbon  di- 
o:^:ide  and  the  results  wore  lower  than  those  obtained  by  the  pot- 
assiiin  pernanganate  method. 

The  electrical  method  for  the  combustion  of  organic  sub- 
stances devised  by  liorse,  Taylor  and  Gray   v/as  then  used.  The 
glycerine  ras  burned  in  a  current  of  heated  oxygen.  The  oxygen 
is  heated  by  passing  through  a  porcelain  tube  around  which  a 
platinum  r;lre  is  coiled  and  which  v;ire  carries  a  current  of  elec- 
tricity. The  results  of  fire  combustions  are  contained  in  the 
following  table; 

Theoretical 


Glyc. 

COo 

carbon 

mg. 

mg. 

mg. 

98.0 

157.7 

38.318 

81.0 

112.4 

31.671 

74.9 

103.7 

29.286 

80.2 

112.8 

31.358 

87.1 

122.3 

34.056 

Deficit 

-■-toms  of  0 

Carbon 

Carbon 

per  mol. 

found  mg 

•  r.g. 

of  Glyc. 

37.551 

0.767 

5.86 

30.651 

1.020 

6.78 

28.279 

1.007 

6.76 

30.761 

.598 

6.87 

33.551 

.705 

6.86 

Mean  - 

6-82 

The  results  obtained  then  hii   the  potassium  permanganate  and 
electrical  combustion  methods  agree  and  the  glycerine  used  has 
a  purity  of  97.29  fo.      The  glycerine  oxidi:.ed  by  the  permanganate 
was  therefore  only  97.29  -er  cent  piire.  If  we  anply  this  correc- 
tion to  6.82,  the  mean  number  of  atom.s  of  ojcj'-gen  -vhich  appear 
to  be  used  by  a  molecule  of  glycerine,  we  get  7.01  atoms  of  ox- 
ygen per  molecule  of  glycerine;  while  the  theoretical  number  is 
seven.  Glycerine  is  very  hydrosconic  '  nd  in  all  operations  care 
was  taVen  so  th  t  the  substance  was  exnosed  as  little  as  possible 

"~    l.I^orse,  "Exercises  in  ^uantitive  Chemistry"  , p. 537  . 
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to  the  noisture  of  the  air. 

The  ootassiiin  perinano-anate  oxidation  nethod  then  can  be  us- 
ed for  determining  quantities  of  {tlyoerine  as  snail  as  tv/o  inill- 
igramnes  in  al' aline  co-^ner  sulphate  soliitions. 

The  solutions  inside  and  outside  the  cell  are  in  ordinary 
"iractioo,  nade  one-thoussr^ndth  normal  v/ith  thymol  to  prevent  the 
grov7th  of  penicillium  in  the  suf^ar  solutions.  If  the  potassium 
permanganate  method  is  used  for  the  quantitative  determination  of 
the  glycerine  some  other  way   of  destroying  the  penicilium  v:ill 
have  to  he  devised-  The  thymol  is  readily  oxidized  by  the  perman- 
ganate and  the  amount  of  permanganate  reduced  by  the  thymol  v/ould 
be  large  compared  to  the  amount  reduced  by  the  glycerine  so  that 
all  the  experimental  errors  v/ould  accumulate  on  a  relatively  small 
quantity  of  that  substance- 
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Volumes  of  '.'/eight  ilorinal  Cane  Sugar  Solutions  at  Different 
Tenperatures. 

Xihen   £  colid  substance  is  dissolved  in  a  liquid,  the  volune 
of  the  solution  is  not  equal  to  the  sxin   of  the  volurnes  of  the  sol- 
ute and  solvent  but  is  usually  smaller.  This  shrin^-age  is  often 

quite  large  and  in  the  case  of  a  weight  normal  solution  of  glucose 

2 
it  was  found  hy-   L'orse,  Grazer  and  Dunbar   to  be  6-03  cubic  cen- 
timeters when  178.74  grams  of  gliicose  are  dissolved  in  1000  grams 
of  \-'ater  at  0  degrees.  The  eyact  nature  of  the  cause  of  this  con- 
traction is  not  ''nown. 

This  investigation  was  undertaken  r.-ith  the  view  of  deter- 
mining the  contraction  in  cane  sugar  polutions  at  different  tem- 
peratures. It  was  proposed  to  raecsxire  the  increase  in  volune  dir- 
ectly in  going  from  a  lower  to  a  higher  temperature.   In  other 
words  the  a^naratus  v/as  to  be  of  the  dilatometer  rather  thrn  the 
pycnometer  t^/pe.  '"ith  this  in  view,  an  apparatus  illustrated  in 
Figure  1.  was  devised. 

It  coasists  essentially  of  a  bulb  and  a  calibrated  tube 
"ab"'  in  which  the  increase  in  volume  is  read  with  the  catheto- 
neter.  The  stop  cock  is  placed  at  the  bottom  for  convenience  in 
cleaning  and  drying  the  apparatus-  It  also  has  the  advantage  that 
no  small  gas  bubbles  can  collect  there  when  the  temperature  is 


1.  This  work^done  in  colaboration  with  I>Ir.?]yssell,  and  all 
data  on  the  odd  concentrations  will  be  found  in  his  dissertation. 


2.   An.  Ciiem.  Journal,  38,  222 
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'raised,  -vhich  p.ight  hep-^en  v/orc  It  placed  en  the  side  or  nocr  thb 
top.  It  is  of  QOv.ri;e   nccessitry  thrt  the  ytop  aoG>  fit  perfectly 
and  considerable  grinding  vms  necessary  in  order  to  obtain  the 
desired  result. 

'I'he  bulb  part  and  the  capillary  tube  "ab"  are  prepared  sep- 
arately and  then  sealed  at  "c".  The  bulb  is  weighed  onpty.  It  is 
then  filled  v/ith  rdr  free  v/ater  of  >novm  temperature  to  the  0 
mark  on  the  tube  and  weighed  •  It  is  then  filler  with  -"rter  of  a 
knov/n  towperatiire  to  the  100  mm  mark  and  again  weighed.  ?roni  the 
weights  r^nd  tempers  tiires  of  the  rfter.the  capacity  of  the  bulb 
to  0  mark  and  of  the  ttibe  from  0  to  100  mm  can  be  calculated. 
The  sm.all  tube  "ab"  has  an  internal  diameter  of  2-2.25  mm.  and 
the  distance  betv/een  the  scratches  "a"  8.nd  "b"  is  afproximately 
350  mm.   T'he  part  betv/een  the  scratches  was  careftilly  calibrated 
by  means  of  a  short  thread  of  m.ercury  rnd  a  curve  drawn  lor  the 
corr-octions  which  must  be  ar.piied  on  account  of  the  Inequalities 
of  the  bore.  The  calibrated  tube  was  then  scaled  on  to  the  grad- 
uatec  tube  at  "c".  The  capr^city  between  the  100  rjn.  mark  and  the 
lower  scratch  "a"  v/as  determined  by  means  of  c   mercury  thread 
which  rested  on  the  100  mm.  nark  and  extended  above  scratch  "a" 
into  the  calibrated  part  of  the  tube.  The  thread  was  v/eighed  and 
its  volur-^.e  calculated  at  the  teraperatiire.  The  known  voluiic  of  the 
portion  of  the  tube  above  the  scratch  "a"  which  is  fillec"  by  the 
m.ercury  is  then  deducted  from  the  t6tal  volume.  The  difference 

after  applying  the  meniscus  correction,  is  the  capacity  of  the 
apparatus  between  "a"  and  the  upper  limit  of  graduation.  All 
v;eighings  were  made  with  a  tare" of  the  same  voliime  and  form  so 
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that  the  v;eighings  were  not  influ'cnced  by  tenpcrature,  r.oisture' 
or  air  displaced-  In  all.  eleven  siich  pieces  of  apparatus  v.'ere 
prepared  so  that  ten  could  be  usee  for  the  ton  v/eight  nornal  cane 
sugar  soliTtions  and  the  eleventh  for  air  free  v/ater. 

The  v/ater  \ised  in  na>ing  up  the  cr.ne  STigar  solutions  vas 
boiled  to  free  it  from  air.  In  nalring  \ip  a  solution  the  cuantity 
of  v/ater  v/as  taken  v.-hich  in  a  yacuun  v;ould  weigh  150  grams.  To 
this  v/as  added  the  necessary  v/eight  of  cane  sugar  also  corrected 
for  air  displaced.  The  rotation  of  the  solution  v/as  taken  v/ith  a 
polarineter  as  a  check  on  the  cone  ?ntration.  The  rotation  v/as 
also  ta^'-'en  after  the  e::perinent  in  order  to  determine  whether  any 
increase  or  loss  of  concentration  had  taken  place.  The  cane  sugar 
solution  was  cooler  belov/  the  ten^" orf^turo  of  th-  bath  in  order 
that  there  night  be  r.n   increase  rather  than  a  decrease  in  volujr.e 
In  reaching  the  tewnerature  of  the  bath.  /.  decrease  in  volume 
would  mean  the  lea^'ing  of  a  film  of  solution  on  the  v/alls  of  the 
calibrated  ttibe  and  the  e::act  volume  v/ould  necessarily'-  be  dimin- 
ished by  that  amount.  The  top  of  the  calibrated  ttibe  v/as  closed 
by  means  of  a  rubber  cap  used  in  fountain  pen  fillers.  This  cap 
effectually  prevented  any  evaporation  and  at  the  same  time  allowed 
for  any  expansion. 

The  temr)erature  of  the  hydrant  water  during  .''-^Tril  made  it 
neceasarj'-  to  give  up  all  the  temperatures  below  15  degrees.  The 
pieces  of  a^naratus  v/ere  v/eighed  em^-^ty,  filled  with  the  solutions 
and  placed  in  a  constant  tem.pertture  bath  reguli^ted  8utom.atically 
to  keep  the  desired  temrierature  with  a  maximum  variation  of  about 
.01  of  a  degree.   ..  descri-'tion  of  the  bath  used  will  be  found 
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in  Vol.  45  of  The  American  Chenical  Journal,  'lage  281.  Several 
days  v;ere  required  for  the  solutions  and  glass  to  cor.e  to  toinper- 
ature  after  vvhioh  constant  readings  v/ere  obtained  on  the  heig-ht 
of  the  liquid  in  the  c. librated  tube,  After  the  volunes  of  the 
solutions  had  rer.ained  constant  for  several  days  and  the  necess- 
ary readings  secured,  the  bath  v/as  regulated  to  the  nezt  desired 
higher  temperature.  In  this  v;or>,  the  volumes  were  determihed  at 
15,  20,  25  and  30  degrees.  The  pieces  of  apparatus  v/ere  then  ta'-en 
dovra  and  weighed  with  the  contained  solution.  Prom  the  weight  of 
the  a-^paratus  emTty  and  full,  the  ?;eight  of  the  solution  is  ob- 
tained. This  weight  must  be  corrected  for  the  -veight  of  the  sol- 
ution contained  in  the  boi'e  of  the  stop  cock  since  this  solution 
in  the  stop  coc>  did  not  enter  into  the  volume  changes.  The  cor- 
rection was  anolied  js  follows.  The  volume  of  the  bore  of  the 
stop  cock  v/as  determined  by  means  of  mercury.  This  volume  v/as 
then  added  to  the   observed  volume  of  the  whole  solution  at  20 
degrees.  The  v/eight  of  the  solution  divided  by  this  corrected  vol- 
ume gives  the  density  of  the  solution-  The  density  times  the  vol- 
ume of  the  bore  of  the  stop  cocl:  gives  the  weight  of  the  solution 
in  the  stop  cocP:  and  this  weight  substracted  from  the  original 
weight  gives  the  corrected  .-eight  of  the  solution  in  the  tube-  In 
the  following  ti.ble  1,  colTimn  1   contains  the  number  of  the  piece 
of  ap-art-tus;  coliimn  2,  the  v/eight  normal  concentration  of  the 
solution;  column  3  ,  the  voliime^  of  the  bore  of  the  stop  cock; 
colurin  4,  the  density  of  th--  solution;  column  5,  the  v/eight  of 

the  solution  in  the  bore  end  colurjn  6,  the  corrected  veight  of 
the  solution  in  the  ai^paratus. 


Table  1- 


V/elght 

bore 

App. 

normal 

stop 

no. 

cone. 

in  cc 

7 

0.2 

.0510 

13 

0.4 

.057  6 

6 

0.6 

.0593 

10 

0.8 

.0472 

15 

1.0 

.0461 

5 

V/ater 

.0452 

Voliine   of. 

Density 
jTc   of   augar 
Golntion. 


1.0228 

1.0458 
1.0563 
1.0869 
1.1043 
0.9972 


"/eight    of 
vsolntion 
in  bore. 

.0522 


0602 


.0419 
.0513 
.0509 
.0451 


Corrected 
v/eight  of 
solution  in 
apparatus. 

102.6412  g 

105.1192  g 

107.2322  g 

109.:3404  g 

110.9894  g 

3^00.2209  g 


In  order  to  calculate  the  volume  of  the  sugar  used  in  mal'-ing 
up  the  solutions,  the  s-ecific  gravity  of  solid  sugar  nust  be 
knov/n.  On  looking  this  up  a  v/ide  variation  v;as  found  in  the  re- 
sults obtained  by  different  investigators.  It  --as  difficult  to 
decide  on  -hich  one  v/as  correct  so  it  '.vas  decided  to  wcr'-  out 
two  t;;bles  for  each  teranerature,  one  using  the  value  1.5813  ob- 
tained independly  by  1-opp  and  Gerlack  and  the  other  table  based 
on  the  value  1.5860  obtained  by  Schroeder,  Joule  imd  Playfair 
give  .0001116  per  degree  as  the  cubical  e>q)ansion  of  solid  sugar 
between  0  and  100  degrees. 

The  volume  of  1000  grc.ms  of  v;ater  at  the  desired  temperature 
v/as  caleulatec  fiom  the  values  found  in  Landolt-Boernstein's 
PhysiValisch-  Ghemische  Tabellen. 

The  actual  volume  of  a  sugar  solution,  containing  10  0  grans 
of  vater,  v/as  calculated  from  the  observed  volume  and  the  percent- 
age of  v/ater  by  v/eight  in  thrt  voriune-  The  follov/ing  table  2  gives 
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the  percentage  by  weight  of  sugar  and  v;ater  in  the  different  con- 
centrations of  weight  normal  siigar  solutions. 


Table  2. 

Weight 
normal 
cone. 

Weight 

of 

v/rter. 

Per  cent 

of 

vmter. 

Weight 
of 
sugar . 

Per  cent 

of 

sugar. 

0.2 

1000 

93.65 

67.8784 

6.35 

0.4 

1000 

88.05 

135.7568 

11.95 

0.6 

1000 

83.08 

203.6352 

16.92 

0.8 

1000 

78.65 

271.5136 

21.35 

1.0 

1000 

74.66 

339.3920 

25.34 

The  results  obtained  at  15  degrees  are  given  in  the  "two 
following  tables.  For  calculating  the  volune  of  the  sugar  1.5813 
was  used  as  the  specific  gravity  of  solid  ;..ugar  in  Table  3  and 
1.5860  v/as  used  in  Table  4. 

Table  3. 
Temperature  15  degrees  Sp.  Or.  of  solid  sugar  -  1.5813. 


Weight 

Volume 

Volume 

3um  of  Vols 

. 

Difference 

normal 

of 

of 

of  v/ater 

Observed 

in  Vols . 

cone . 

v/ater . 

sugar . 

and  sugar. 

Volume 

in  CO . 

0.2 

1000.857 

42.924 

1043.781 

1042.949 

0.832 

0.4 

1000.857 

85.848 

1086.705 

1034.756 

1.949 

0.6 

1000.857 

128.772 

1129.629 

1127.439 

2.190 

0.8 

1000.857 

171.696 

1172.553 

1168.358 

4.195 

1.0 

1000.857 

214.620 

1215.477 

1210.672 

4.805 

i^\^ 


Table  4.- 
Temperatiire  15  degrees.  Sp.  Gr.  o  f  £:olid  sugar   -  1.5860 


V/eight 
normal 
cone 

Volume 

of 

water. 

Volume 
of 
ciigar . 

Sum  of  Vols 
of  v.'ater 
and  sugar. 

• 

Ohserved 
Volume. 

Difference 
in  Vols, 
in  cc . 

0.2 

1000.857 

42.788 

104C.645 

1042.949 

0.696 

0.4 

1000.857 

85.576 

1086.433 

1084.756 

1.67  7 

0.6 

1000.857 

128.564 

1129.221 

1127.439 

1.782 

0.8 

1000.857 

171.152 

1172.009 

1168.358 

3.651 

1.0 

1000.857 

213.940 

1214.797 

1210.672 

4.125 

Tables  5  and  6  conttdn  the  results  obtained  at  20  degrees. 

Table  5. 

Temperature  20  degrees.  Sp.  Gr.  of  solid  sugar  -     1.5813. 


■■/eight 
normal 
cone. 

Volume 

of 

v;-ater. 

Volume 
of 

sugt^r. 

P>um  of  Vols. 

of  T7ater 
and  sugar. 

Observed 
Volume. 

Difference 

in  Vols, 
in  CC 

0.2 

1001.751 

42.948 

1044.699 

1044.007 

0.692 

0.4 

10C1.7  51 

85.896 

1087.647 

1035.974 

1.673 

0.6 

1001.751 

128.844 

1130.595 

1128.806 

1.789 

0.8 

1001.751 

171.792 

1173.543 

1169.877 

3.666 

1.0 

1001.751 

214.740 

1216.491 

1212.345 

4.148 

Table   6. 

Temperature  20   degrees.    Sp.    Gr.    of   solid  sugar   -      1.5860 

height  Volxime        Volume     Sum  of  Vols.  Difference' 

normal  of  of  of  water  Observed  in  vols, 

cone  water.        sugar,      and  sugar.        volume.  in  cc 

0.2  1001.751      42.812        104-^.563  1044.007  0.556. 

0.4  1001.751      85.624        1087.375  1035.974  1.401 


Tatrle   6.    (oontinuec) 


height 
normal 
cone . 

0.6 

0.8 

1.0 


Volume  Voluine  Snn  of  Volsj.  Difference 

of      of      of  vater     Observed   in  Vols, 
water,   si^par.   and  su.^tar.   volume.    in  cc. 


1001.751  128.435  1130.187  1128.806 
1001.751  171.248  1172.999  1169.877 
1001.751  214.060   1215.811    1212.343 


1.381 
3.122 


3.468 


Tables  7  and  8  contain  the  results  obtained  at  25  degrees. 

Table  7. 
TemperatTire  25  degrees.  Sp.  Or.  of  sclid  sugar  -  1.5813 


Height 

Volume 

Volume 

Sum  of  Vols. 

Difference 

normal 

of 

of 

of  water 

Observed 

in  vols. 

cone. 

vrater 

sugar . 

and  sugar . 

volume . 

in  cc. 

0.2 

1002.911 

42.972 

1045.883 

1045.307 

0.576 

0.4 

1002.911 

85.944 

1088.855 

1087.417 

1.438 

0.6 

1002.911 

128.916 

1131.827 

1130.412 

1.415 

0.8 

1002.911 

171.888 

1174.799 

1171.596 

3.203 

1.0 

1002.911 

214.860 

Tabl 

1217.771 
e  8. 

1214.209 

3.562 

Temperature  25  degrees.  Sp.  Gr.  of  solid  sugyr  =  1.5860 


'^lel^ht     Volume 
normal   of 
cone.   water. 


Volume 

of 

sugar. 


0.2  1002.911  42.836 

0.4  10C2.911  85.672 

0.6  1002.911  128.508 

0.8  1002.911  171.344 

1.0  1002.91]  214.180 


Sum  of  Vols.  Difference 

of  "-ater     Observed  in  vols, 

and  sugar.    volume.  in  cc 

1045.747  1045.307  0.440 

1038. 5B3  1087.417  1.116 

1131.409  1130.412     .997 

1174.255  1171.596  2.659 

1217.090  1214.209  2.881 
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Tables  9  and  10  contain  the  results  obtained  at  30  degreee. 

Table  9. 
Tenders; ttire  30  degrees.  S^.  Gr.  of  solid  sugar  -  1.5813 


Weight   Volune  Volume  ourn  of  Vols, 
nornial   of      of      of  water 
Gonc.    v;ater.   sugar,   and  sugar. 

0.2  1004.314   42.994   1047.308 

0.4  1004.314   S5.988   1090.302 

0.6  1004.314   128.982  1133.296 

0.8  1004.314   171.976  1176.290 

1.0  1004.314   214.970  1219.284 


Difference 

Observed 

in  vols . 

volume . 

in  GO . 

1046.801 

0.507 

1089.055 

1.247 

1132.182 

1.114 

1173.479 

2.811 

1216.235 

3.049 

Table  10. 
Tem-^erature  30  degrees.  Sp.  Gr.  of  Bolid  sugar  -  1.5860 

'7eight  VoluKe  Volune  Sun  of  Vols, 
nornal   of      of      of  vater 
Gone.   v/'ater.   sug?:r.   anc'  sugar. 

0.2  1004.314  42.860   1047.174 

0.4  1004.314  85.720   1090.034 

0.6  1004.314  128.580  1132.894 

0.8  1004.314  171.440  1175.754 

1.0  1004.314  214.300  1218.614 


Difference 

Observed 

in  vols. 

volune. 

in  CO. 

1046.801 

0.373 

1089.055 

0.979 

1132.182 

0.712 

1173.479 

2.275 

1216.235 

2.379 

The  values  of  the  contraction  obtained  et   the  different 
temperatures  are  all  brought  together  in  Tables  11  and  12  in 
order  to  observe  v/hat  tfxkes   ^lace  as  the  temperature  is  raised. 

Table  11. 
Sp.  Gr.  of  solid  sugar  -  1.5813. 


Table   IL-    (  continiTod  ) 


Weight     Contrac- 
norrnf'l      tion   at 
cone        15* 

-   Contrac- 
tion at 
20" 

-   Contrac- 
tion at 

25" 

-    Contrac- 
tion at 
30* 

Decrease   in 
contraction 
betv/een 
15"   and  30" 

0.2 

0.832 

0.692 

0.576 

0.507 

.325 

0.4 

1.949 

1.673 

1.438 

1.247 

.702 

0.6 

2.190 

1.789 

1.415 

1.114 

1.079 

0.8 

4.195 

3.666 

3.203 

2.811 

1.384 

1.0 

4.805 

4.148 

3.562 

3.049 

1.756 

Table  12. 

o 


Sp.  Gr.  of  solid  sug;:-r  -  1.5860 

Decrease  in 
Weight  Contrac-  Contrac-  Contrac-   Contrac-    contraction 
nornal  tion  at  tion  at  tion  at   tion  at     betv/een 
cone.   15°      20°      25°       30°         15°  and  30 

0.2  0.696  0.556  0.440  0.373  .323 

0.4  1.677  1.401  1.116  0.979  .698 

0.6  1.782  1.381  .997  0.712  1.060 

0.8  3.651  3.122  2.659  2.275  1.376 

1.0  4.125  3.468  2.881  2.379  1.756 

A  study  of  the  table  shov/s  that  as  the  tenpertiture  is  raised, 
the  contraction^  or  the  difference  betv/een  the  snin  of  the  volumes 
of  the  solute  and  solvent  on  the  one  side  and  the  observed  vol- 
une  of  the  solution  on  the  other  side^dininishes .   This  decrease 
is  not  directly  proportional  to  the  rise  in  tonperature  but  is 
greater  betv/een  15  and  20  degrees  th;-:.n  it  is  betv/een  20  and 
25  or  25  and  30  degrees.  At  each  teni^erature ,  the  contraction  is 
proportional  to  the  concentration  as  is  alco  the  decrease  in 
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pontrnction.   Sufficient  data  is  not  at  hand  to  pass  finul  judge- 
ment on  these  facts  but  it  appears  that  as  the  temperature  is 
raised  the  observed  volume  approaches  that  of  the  sum  of  the 
volumes  of  the  solvent  and  solute.  V.Taether  or  not  they  ever  be- 
come equal  rem£.ins  for  future  investigations  to  show.   The  tv;o 
most  concentrated  solutions  were  found  to  have  lost  in  rotation 
while  they  v/ere  in  the  bath  but  lack  of  time  prevented  repiti- 
tion  of  the  experiments.  The  exact  rotations  in  degrees  are 
given  in  Table  13.  The  first  column  gives  the  rotation  v/hen  the 
solution  v/as  made  up,  the  second  column,  the  rotation  when  the 
apparatus  was  ta'-en  down  after  the  com.pletion  of  the  e:  periment 
and  the  last  column,  the  loss  in  rotation. 

Table  13. 


Vfeight 

Rotation 

Rotation 

Loss 

normal 

before 

after 

in 

cone- 

experiment . 

experiment. 

rotation 

0.2 

24.85 

24.80 

0.05 

0.4 

48.0 

47.8 

0.2 

0.6 

69.2 

69.2 

0.00 

0.8 

89.0 

84.3 

4.7 

1.0 

107.4 

98.8 

8.6 

It  is  knov/n   a  loss  of  one  degree  in  rotation  corresponds, 
in  the  case  of  .9  v/eight  normal  cane  sugar  solution  at  20 
degrees  C.  to  2.49  grams  of  invert  sugar;   and  in  the  case  of 
1.0  weight  normal  sugar  solution  to  £.53  grams  of  invert  sugar. 
This  correction  could  be  applied  as  a  moans  of  ascertaining  the 


1.  Dissertation  of  E.J.Hoffman,  1906. 
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extent  of  the  inversion  of  the  cane  sugar;  if  it  could  be  proved 
that  none  of  the  products  of  the  inversion  had  been  converted  by 
fernentation  into  carbon  dioxide  r^nd  vmter. 

The  expantjion  coefficients  for  the  soliitions  betvreen  the 
different  temperatures  were  also  calculated,  xable  14  contains 
the  expansion  coefficients  between  15  and  20  degrees  based  on  the 
volumes  of  the  solutions  at  15  degrees  as  i;nity.  It  also  contains 
the  volume  end  expansion  coefficient  of  air  free  water  reduced 
to  the  same  unit  i^e.  the  volume  of  vmter   at  15  degrees. 


Table  14 

• 

height 
normal 
cone . 

Voltime 

at 
15° 

Volume 

at 

20° 

Increase 

in 
volume . 

Expansion 

coefficients 

Vj'ater. 

100.4096 

100.4976 

.0880 

.000175 

0.2 

100.2520 

100.3536 

.1017 

.000203 

0.4 

100.4023 

100.5150 

.1128 

.000224 

0.6 

100.4419 

100.5637 

.1218 

. 000243 

0.8 

100.3826 

100.5130 

.1305 

.000260 

1.0 

100.3220 

100.4605 

.1385 

.000276 

Table  15  contains  the  expanr>ion  coellicients  of  the  sugar 
solutions  also  sir  free  v/ater  between  20  and  25  degrees  based 
on  the  volumes  at  20  degrees  as  unity. 

Table  15. 


V/eight 
normal 
co-^.c. 


Volume 

at 

20** 


Volume 

at 

25** 


Increase 

in 

volume 


Expansion 
coefficients 


ay 


Table  15. (continued  ) 


\7eight 
normal 

cone  • 

Volume 

at 

20" 

Volume 

at 

25^ 

Increase 

in 
volume 

Expansion 
coefficients 

V/ater* 

100.4976 

100.6132 

.1156 

.000230 

0.2 

100.3536 

100.4786 

.  1249 

.000249 

0.4 

100.5150 

100.6486 

.1335 

.000266 

0.6 

100.5637 

100.7067 

.1430 

.000284 

0.8 

100.5130 

100.6607 

.147  7 

.000294 

1.0 

100.4605 

100.6151 

.1546 

.000308 

Table  16  contains  the  expansion  coefficients  of  the  sugar 
solutions  also  air  free  r/ater  between  25  and  30  degrees  based 
on  the  volumes  at  25  degrees  as  unity. 


Table  16 

"/eight 

Volume 

"olume 

Increase 

Expansion 

normal 

8t 

at 

in 

cone . 

25-^ 

30" 

volume • 

coefficients 

Y?ater. 

100.6132 

100.7507 

.1375 

.000274 

0.2 

100.4786 

100.6222 

.1436 

.000286 

0.4 

100.6486 

100.8002 

.1516 

.000301 

0.6 

100.7067 

100.8644 

.157  7 

.000313 

0.8 

100.6607 

100.8225; 

.1618 

.000322 

1.0 

100.6151 

100.7829 

.1678 

.000334 

All  the  eypt-nsion  coefficients  are  brought  together  in 
Table  17  for  the  sake  of  comparison. 
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Weight 
noracl 
cone . 

V/ater. 

0. 

.2 

0. 

,4 

0. 

.6 

0 . 

,8 

1. 

,0 

Table  17.^ 

E'xp. 
coef  • 
IS''-  20° 

Exp. 

coef  • 
20"-  25'' 

Erp. 
coef. 
25"-  50 

.00C175 

.000230 

.000274 

.000203 

.000249 

.000286 

.000224 

.000266 

.000301 

. 000243 

. 000284 

.000313 

.000260 

.000294 

.000322 

.000276 

.000308 

.000334 

In  the  preceeding  expansion  coefficients,  the  ones  obtained 
"betv/een  15  and  20  degrees  are  referred  to  the  volxme  of  the  sol- 
ution ct  15  degrees  as  unity,  those  betv/een  20  and  25  degrees 
are  referred  to  the  voliine  ct   20  degrees  as  unity  and  those  be- 
tv/eon  25  f-nd  30  degrees  are  referred  to  the  volume  at  25  de- 
grees as  unity.  It  seened  desirable  to  calculate  the  erpansion 
coefficients  basing  then  all  on  the  sane  unit.  In  the  following 
then  the  unit  onployed  is  the  volunes  of  the  solutions  et   15 
degrees  and,  in  the  case  of  cir  free  water,  the  ro^luine  of  the 
water  at  15  degrees- 

Table  18  contains  the  expansion  coefficients  be- 
tv/een 15  and  20  degrees. 

Table  18. 


'weight 

Volune 

Volune 

Increase 

Expansion 

normal 

at 

at 

in 

cone- 

IS'' 

20" 

volixne . 

Coefficients 

V/ater. 

100.4096 

100.4976 

.0880 

.000175 

0.2 

100.2520 

100.3536 

.1017 

.000203 

0.4 

100.4023 

100.5150 

-  .1^28 

. 000224 
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Table  18. (continued ) 


'Jeight 
normal 
cone. 

Volume 

at 

IS'' 

Volume 

at 

20° 

Increase 
in 
volume . 

Expansion 
Coefficients 

0.6 

100.4419 

100.5637 

.1218 

.000243 

0.8 

100.38£6 

100.5130 

.1305 

.000260 

1.0 

10C.3EBO 

100.4605 

.1385 

. 0-^0276 

Table  19  contLins  the  expansion  coefficients  betv/een 
20  and  25  degrees  based  on  the  volume  at  15  degrees  as  unity. 


xable 

19. 

"^eight 
normal 
cone . 

Volume 
ct 

en* 

^'olurne 

at 

25** 

Increase 
in 
volume . 

ExiTtnsion 
coefficients 

V/ater . 

1?0.497  6 

100.6132 

.1156 

.000230 

0.2 

100.3536 

100.4786 

.1249 

.000249 

0.4 

100.5150 

100.6486 

.1335 

.000266 

0.6 

100.5637 

100.7067 

.1430 

.000285 

0.8 

100.5130 

100.6607 

.1477 

.000295 

1-0 

100.4605 

100.6i51 

.1546 

.000308 

Table  20  contains  the  expansion  coefficients  betr/een 
25  and  30  degrees  based  on  the  volume  at  15  degrees  as  unity. 


Table  20. 

freight 

Volume 

Volume 

Increase 

E?-pansion 

normal 

at 

at 

in 

cone . 

25° 

30" 

volume 

coefficients 

Water 

100.6132 

100.7507 

.1375 

.000274 

0.2 

100.4786 

100.6222 

.1436 

.000286 

Table  20. ( continued ) 


7/eight 

Volume 

Volume 

Increase 

Expansion 

normal 

at 

et 

in 

cone  • 

25'' 

30° 

volume 

coefficients. 

0.4 

100.5486 

100.8002 

.1516 

.000301 

0.6 

100.7067 

100.8644 

.1577 

.ooo:ji5 

0.8 

100.6607 

100.8225 

.1618 

.000322 

1.0 

100.6151 

100.7829 

.1678 

. 000344 

All  the  expansion  coefficients,  based  on  the  volumes  at 
15  defrroes,  are  brought  together  in  Table  21. 


Table  21. 

Weight 
normal 

cone . 

E>q5. 
Goef . 
15'  -20" 

Exp. 

Goef  • 
20°  -25° 

Ejrp. 

coef. 

25''-30*' 

V/ater 

.000175 

.000230 

.000274 

0.2 

.000203 

.000249 

.000286 

0.4 

.000224 

.000266 

.000301 

0.6 

.000243 

.000285 

.000315 

0.8 

.000260 

.000295 

. 000322 

1.0 

.000276 

.000308 

.000344 

The  e:qoansion  coefficients  increase  v;ith  the  tenperj-ture 
as  shovm  by  the  table.  They  are  also  roughly  proportionfd  to 
the  concentration  but  the  results  can  not  be  regared  as  finfil 
since  the  0.8  and  0.9  weight  normal  solutions  lost  in  rotation 
This  portion  of  the  v/ork  will  therefore  have  to  be  repeated. 

The  expansion  coefficients  obtained  for  v;ater  show  pra- 
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ctical  agreement  viith   those  giv-en  in  Landolt  -  Boernetein'e 
Physi1:alisch  -  Ghenishe  Tabellen  so  that  the  apparatus  nay  be 
regarded  as  accurate.  '.Vith  apparatus  on  hand  then,  the  volujaes 
of  various  solutions  can  be  determined  over  a  considerable 
range  of  temperature  and  some  light  may  be  thrown  on  facts 
whose  relation  at  present  is  not  clearly  seen. 
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